INTRODUCTION
Upper urinary tract tumors mean those tumors of renal pelvis or ureter. The majority of them are upper tract urothelial carcinoma (UTUC). In contrast, nonurothelial carcinoma is uncommon such as squamous cell carcinoma, adenocarcinoma, small cell carcinoma (SCC), etc.
[1] There was an unusual higher incidence of UTUC in Taiwan, particularly in the resident of the southwest coast, and recent research also pointed that aristolochic acid-related Chinese herb nephropathy is responsible for this phenomenon. [3] Several environmental factors may contribute to the formation of UTUC including exposure to tobacco or aromatic amines, consumptions of phenacetin or aristolochic acid-containing food or Chinese herbs. [3] [4] [5] Some are more specific for UTUC whereas others are similar to those associated with bladder cancer. In contrast, the incidence of upper tract SCC (UTSCC) of the renal pelvis, and ureter is rare and only case report or small case series were reported. Like those derived from the urinary bladder and prostate, the exact etiology of the UTSCCs is not known, in which the tumor cell may grow de novo from the multipotential undifferentiated stem cells of the urothelium or through transition from urothelial carcinoma. [6] Such molecular mechanism was postulated through the epigenetic changes rather than genetic damage. [7] Since UTUCs and bladder cancer are disparate twins, [8] it still requires more evidence to understand the real characteristics of UTSCCs at the clinical and molecular levels.
Nephroureterectomy with bladder cuff resection is the standard treatment for localized UTUC, and neoadjuvant or adjuvant, systemic chemotherapy with or without radiotherapy were for advanced or metastatic diseases. However, it is difficult for this rare UTSCC, to develop the treatment consensus without more clinical information. Therefore, we analyzed the prognostic factors based on the pooled cases published in the literature, together with our cases.
PATIENTS AND METHODS

Studied subjects
After obtaining the approval from Institute Ethical Committee's of National Cheng Kung University Hospital, patients with small cell carcinoma or neuroendocrine tumor of renal pelvis and ureter were enrolled in the study. The patient characteristics were retrieved from the chart record including age at diagnosis, resident area (black foot disease [BFD]-endemic area or not], gender, medical history, presenting symptoms, clinical or pathological staging, treatment modalities, histological patterns, and outcome.
We did a systematic review of original articles published or recorded in the PubMed, Google Scholar, and Embase ® (updated to September 2017). A total of 40 articles (58 patients) were identified using the keywords "SCC," "neuroendocrine tumor," "renal pelvis neoplasm," "ureter neoplasms" and "upper urinary tract neoplasm." The number of patients was reduced to 52 due to the lack of survival data. Those identified in the same study or duplicate data by reviewing each paper were excluded from the current analysis. The patients' characteristics were retrieved including age at diagnosis, gender, medical history, presenting symptoms, clinical or pathological staging, treatment modalities, histological patterns, and outcome [Supplementary Table 1] .
Statistical analysis
For comparisons, the difference of the clinical or pathological characteristics between patients from BFD-endemic and non-BFD-endemic area patients, or between renal pelvis and ureteral tumors, Chi-square or Fisher's exact test was used. Disease-specific overall survival and overall survival were calculated from the time of definite treatment (surgery, radiotherapy, chemotherapy or observation) to the patient's death according to the death cause using univariate log-rank test and multivariate Cox analysis.
RESULTS
Upper tract small cell carcinoma at National Cheng Kung University Hospital
From 1992 to 2015 December, a total of 10 UTSCCs were diagnosed and treated at our hospital [ Table 1 ]. Five patients are residents of BFD-endemic area, where people with chronic arsenism were prevalent due to arsenic-containing drinking water before 1960. There were two tumors from renal pelvis tumor alone, and the other eight from ureter with or without other urinary tracts. The mean age is 76.7 ± 5.98 years, and the median survival is 13 months. Those patients from BFD-endemic area were female (P = 0.048). In contrast, 4 of five patients from non-BFD-endemic are male. In addition, the former is borderline older than the latter (P = 0.058). Except for age and gender, there was no difference between two groups.
All the studies subjects
A total of 62 cases were enrolled into the study, including ten added by us. There were 30 cases from renal pelvis alone, 26 from the ureter, and 6 from both sites. The mean age is 65.8 ± 13.0 years, and the median survival is 12 months. There were 34 males, 27 females, and 1 unknown. The majority of the patients presented either with gross hematuria, flank pain or both and were diagnosed at advanced staging. Fifty-two of 62 patients (83.8%) received nephrectomy or nephroureterectomy with or without chemotherapy or radiotherapy. After nephroureterectomy, there were 13 patients receiving chemotherapy, 3 receiving radiotherapy, and 4 receiving chemoradiation. Three patients did not receive any treatment, and two of them died of metastatic disease 1 month after diagnosis. The other one died of myocardial infarction 4 months later. In addition to 6 unknown staging, there were 7 (11.3%) patients Stage I or II, 19 (30.6%) Stage III, and 30 (48.4%) Stage IV. Among the 62 cases, six patients exhibited distant metastases in addition to the primary tumor in the upper urinary tract. All of the enrolled SCC cases were reported as urinary tract origin. About 34 of 62 (54.8%) patients were diagnosed as pure SCC in histology, and the others are composed of urothelial carcinoma or other variants. Among these seven patients with localized tumors, four patients received radical nephrectomy alone, and none of localized disease died of disease. Until reported, 32 (51.6%) patients died of disease, 7 (11.3%) died of unrelated disease, 8 (12.9%) alive with disease, and 9 (14.5%) alive and free of disease. Patients with SCC of renal pelvis were significantly younger than did those of the ureter (P = 0.004), as well as higher stage (P = 0.043). There were no other significant differences between renal pelvis and ureteral tumors [ Table 2 ].
Regarding disease-specific overall survival, univariate analysis showed tumor stage is a significant prognostic factor (hazard ratio [HR], 3.44; 95% confidence interval [CI], 1.23-9.67; P = 0.015), as well as the presence of radiotherapy (HR, 0.34; 95% CI, 0.20-0.89; P = 0.029). Cox's multivariate analysis showed only tumor stage is an independent prognostic factor for disease-specific overall survival (HR, 2.11; 95% CI, 1.08-4.13; P = 0.029). Regarding overall survival, univariate analysis showed tumor stage is a significant prognostic factor (HR, 2.71; 95% CI, 1.03-7.15; P = 0.035), as well as the presence of radiotherapy (HR, 0.43; 95% CI, 0.23-0.90; P = 0.036). Cox's multivariate analysis showed only tumor stage is a borderline significant prognostic factor for overall survival (HR, 1.71; 95% CI, 0.97-2.99; P = 0.062) [ Table 3 and Figure 1] .
DISCUSSION
In the current study, we demonstrated that patients with SCCs of renal pelvis had significantly younger age and higher tumor staging than did those of the ureter. Patients living in BFD-endemic area exhibited borderline older age than did those living in non-BFD-endemic area. In addition, there is gender difference of the patients between these two areas. In general, tumor staging is an independent prognostic factor for disease-specific overall survival in patients with UTSCCs. Until recently, there is no report regarding the survival analysis in this rare disease. Our study warns the importance of early diagnosis in patients with UTSCCs and the urgent need of understanding the etiology.
Conventionally, extrapulmonary SCCs detected outside the lungs, including the bladder, prostate, and colon was suggested to be treated as metastatic disease, even if there is no evidence of disease in other sites. [9] Owing to the characteristics of chemosensitivity and the potential of metastasis, bladder preservation therapy with multimodal therapy was the most used for localized or locally advanced urinary bladder SCCs based on the American National Cancer Database. Despite this, those receiving neoadjuvant chemotherapy followed by radical cystectomy exhibited the best survival, [9] which highlights the importance of regional control. Unlike the urinary bladder SCCs, UTSCCs may not easily be differentially diagnosed from urothelial carcinoma before nephrectomy owing to a tiny specimen obtained from ureterorenoscopic biopsy or percutaneous needle biopsy. For operable disease, radical nephrectomy or nephroureterectomy will be done first, rather than neoadjuvant chemotherapy. Although SCC is chemosensitive, [10] subsequent relapse is frequent despite of either adjuvant systemic chemotherapy or systemic chemotherapy alone in the current study. Our survival analysis did not support systemic chemotherapy as a favorable prognostic factor. In contrast, our data demonstrated the utility of radiotherapy might be a favorable prognostic factor since the statistical significance was found in univariate analysis rather than in multivariate analysis. The possible reason is that radiotherapy might provide loco-regional control of disease and improve the survival.
[11] Therefore, further investigation is still required for this rare disease.
Our data showed that there is a significant difference regarding age and initial staging at diagnosis between renal pelvis and ureteral SCCs. Only few patients had a durable disease-free status of more than one decade, and some of them received surgery alone. Although the exact etiology is not known, the majority of SCCs detected from each site were at advanced stage with a short survival. UTSCC patients with a history of chronic arsenic exposure were female; in contrast, four of five without arsenic exposure were male. The former was older. Moreover, patients with ureteral tumors usually older than those with renal pelvis tumors. This evidence hint their etiology might be varied. Actually, tumor cells may undergo evolution following environmental stimuli, or as a result of selection pressure of any forms of therapies. [12] The progress of genomic sequencing provide an insight regarding the molecular pathogenesis of neuroendocrine tumors, including de novo formation or a lineage plasticity in response to environmental pressure. [7, 13] Regarding prostate cancer, only a few patients were neuroendocrine carcinoma at initial diagnosis, the majority of prostate neuroendocrine or SCC developed and was detected at advanced diseases after androgen privation therapy, in which the epigenetic modulation is responsible for such evolution.
Conventionally, theories regarding the SCC origin included cells derived from a Kultschitzky-type cell or from cells that do not normally exist in the urinary bladder mucosa. [14] Evidence from molecular genetic analysis showed that there is a common clonal origin of coexisting SCC and UC components of the urinary bladder, suggesting that the cell origin was an undifferentiated, multipotential cell, or stem cell. [6] Besides, there were high frequencies of loss of heterozygosity in p16 (9p21), VHL (3p25-26), DBC1 (9q32-33), and TP53 (17p13) [6, 15] and a high incidence of promotor region methylation of RASSSF1, MLH1, DAPK1, TERT, and MGMT tumor suppressor genes. [16] On the other hand, positive GATA3 immunostaining was detected immunohistochemically in 32% of tumors, which is lower than in UC. [17] Owing to the rarity, it is lack of molecular genetic data of UTTSCCs. Despite this, our data showed that about half of the tumors were mixed SCCs in histology, which has no impact on the survival. There were several limitations in the current study. First, this is a retrospective study that collected from the published case series or reports. It would reduce the consistency of data due to a great heterogeneity regarding diagnosis and treatment. For example, all of the reported and our own cases were diagnosed according to the microscopic characteristics with various and inconsistent immunohistochemical evidence, such as CD56, chromogranin, or synaptophysin. The majority of the case reports or series did not describe how to confirm the origin of SCC. They were presumed from renal pelvis instead of renal parenchyma probably based on the theory that SCC may de novo derive or transdifferentiate, from the urothelium. Second, owing to the small number of patients, it is difficult to make strong conclusion. Despite this, about half of cases died of disease based on publication, there were three parameters that could be used for multivariate analysis. Third, we did not enroll some promising markers for analysis due to the inconsistency or different methodology. It may lose some useful information. Fourth, it is difficult to see any difference between BFD series and non-BFD series based on the limited patients. In addition, it is currently difficult to investigate molecular difference using the limited paraffin-embedded archived tissues. Further genomic studies will be required after collecting enough samples.
CONCLUSIONS
In the current study, tumor staging is significantly associated with disease-specific over survival in patients with UTTSCCs. This finding warns us the importance of early diagnosis. Owing to the rarity, it still requires more studies investigating the molecular pathogenesis and treatment outcome.
